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Background: Childhood tuberculosis (TB) has been neglected by national TB programs in
sub-Saharan Africa because of the emphasis on adult smear-positive TB cases. About
80,000 HIV children die from TB, and over 550,000 childhood TB cases occur annually, rep-
resenting 6% of the global TB burden, making TB an important cause of morbidity and mor-
tality in children. Thus, this study assessed the trend of childhood TB cases notified in
Lagos, Nigeria from 2011 to 2014.
Methods: Retrospective data review of childhood TB cases notified to the Lagos State TB and
Leprosy Control Programme (LSTBLCP) between January 1, 2011 and December 31, 2014.
Results: A total of 2396 children were treated for all forms of TB representing 6.8% of the
total 35,305 TB cases notified during the study period. This constituted 1102 (46%) males
and 1294 (54%) females. Therewas a progressive increase in the proportion of children trea-
ted for TB from 495 (5.9%) in 2011, 539 (6.4%) in 2012, 682 (7.2%) in 2013 and 680 (7.6%) in
2014. Of the total childhood TB cases notified, 16.3–20% were new sputum pulmonary
smear positive; 68.2–74.6% were new sputum pulmonary smear negative; while extra-
pulmonary TB accounted for 6.7–10.6%. The case notification rate (CNR) of childhood TB
per 100,000 increased from 13.4 in 2011, 14.3 in 2012, 17.7 in 2013 and 17.2 in 2014.
Conclusion: There was an increase in the case notification rate of TB among children
between 2011 and 2014. Efforts should be made to sustain this increasing trend.
 2015 Asian African Society for Mycobacteriology. Production and hosting by Elsevier Ltd.
All rights reserved.in children [1]. In addition, the global DOTS strategy in the
Introduction
In recent years childhood tuberculosis (TB) has attracted
global interest after a long period of neglect. This is largely
because childhood TB cases are few, non-infectious and theperception that effective TB control in adults will prevent TB
control of TB and the national TB control programs, especially
of high-TB-burden countries, focused on smear-positive TBital, Ikeja,
ymail.com
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the community [2,3]. This was probably responsible for the
lack of relevant data on age-related trends of TB in children.
The understanding of the global epidemiology of childhood
TB could have been better, and planning of effective control
measures easier if relevant data were available. As part of
the global efforts to control TB epidemics, an international
consensus on childhood TB was held in 2002 [4], and in
2006, the World Health Organization (WHO) developed new
guidelines on the management of TB in children [5]. The
recording and reporting tools were revised, and a section on
childhood TB was included [6], which led to the development
of the initiative to supply quality-assured child-friendly drugs
to all national TB programs [7].
In 2013, the WHO estimated that up to 80,000 HIV children
die from TB, and over 550,000 of childhood TB cases occur
annually, which represents about 6% of the global TB burden
[8]. A study that estimated the incidence of TB infection and
disease among children in the 22 high burden countries found
that of 53 million children with latent infection, 7.6 million
(14.3%) became infected with TB in 2010 and 650,000 (1.2%)
developed the disease [9]. TB in children is increasingly
becoming an important cause of global child morbidity and
mortality. The burden of childhood TB infection and TB dis-
ease is an important indicator of the overall trend of disease
and ongoing transmission within the community [10,11].
Nigeria is the most populous country in Africa with a pro-
jected population of over 160 million people [12]. The country
is currently ranked third among the 22 high TB burden coun-
tries responsible for about 80% of the global TB burden [13]. In
2013, the WHO estimated a TB prevalence rate of 338/100,000
population, and 564,460 new cases of TB occur annually [13].
The TB case notifications have increased steadily from
31,164 in 2002 to 100,401 in 2013 and currently the treatment
success rate is about 86% [14]. A review of the annual TB case
notification in the country from 2008 to 2010 shows that about
2% of the total smear-positive TB cases notified were children
below 15 years of age. The low childhood TB notification was
largely as a result of the data capturing tools, which were not
designed to disaggregate childhood TB for all forms of TB
notified in the country. In order to address this challenge,
the Nigerian National TB and Leprosy Control Programme
(NTBLCP) revised the national recording and reporting tools
in 2010 and disaggregated the total TB cases notified by age
and sex in children aged 0–14 years. The Lagos State TB and
Leprosy Control Programme (LSTBLCP) commenced the uti-
lization of the revised tools in 2011. This study examines
the trend of childhood TB notification from 2011 to 2014 in
Lagos State, Nigeria.
Methodology
Study setting
Lagos State has a population of 9.3 million according to the
2006 national population census. Healthcare services in
Lagos State are provided by both the public and private sec-
tors. In the public sector, services are organized at the pri-
mary, secondary and tertiary healthcare levels. The LSTBLCPcommenced in 2003 with the collaboration among the State
Government, the International Union against TB and Lung
Diseases (IUATLD), the World Health Organization (WHO),
the Canadian International Development Agency (CIDA) and
the United States Agency for International Development
(USAID). At the end of 2014, the LSTBLCP had 218 TB treat-
ment facilities offering directly observed treatment short
course (DOTS).Study design
The study is a retrospective review of childhood TB notifica-
tion data of LSTBLCP between January 1, 2011 and
December 31, 2014.TB diagnosis and treatment
The majority of DOTS centers at the primary healthcare cen-
ters were manned by community health officers (CHOs) and
community health extension workers (CHEWs), except in
local government areas with a trained medical officer. At
the secondary and tertiary health facilities, diagnosis of
childhood TB is done exclusively by doctors, except in
older children that are sputum smear positive, in which case
other health workers at the DOTS facilities can initiate
treatment.
The national TB program defined childhood TB as TB
occurring in children less than 15 years old. TB is diagnosed
by passive case-finding in presumptive TB patients. Two spu-
tum specimens were collected from children who could pro-
duce sputum for an acid fast bacilli (AFB) test. If any were
positive, the patients were classified as sputum smear-
positive pulmonary TB (PTB) and in the event that the sputum
result was negative, other diagnostic tests, such as chest
radiograph, tuberculin test and ESR, were performed to aid
in the diagnosis of TB. A child was diagnosed as sputum
smear-negative PTB if radiographic abnormalities were con-
sistent with TB. In the rare cases of children who could not
produce sputum, gastric aspiration was done. Diagnosis was
usually made with the use of a score chart according to the
national TB guidelines. The score chart takes into considera-
tion chest radiography abnormalities, history of close contact
with a smear-positive PTB patient, growth faltering, poor or
non-response to antibiotics and readings of tuberculin skin
test where available, among other things. A score above 7
was suggestive of TB. Children with extra-pulmonary TB were
usually diagnosed in secondary and tertiary facilities where
there are facilities for histological and/or radiological diagno-
sis, depending on the organ affected.
Smear microscopy and treatment of childhood TB notified
to the program is at no cost to the patients, because the
reagents used for diagnosis and drugs were supplied to the
TB treatment centers by the LSTBLCP. The treatment regi-
men consisted of 2 months’ intensive phase of Rifampicin,
Isoniazid and Pyrazinamide as a fixed dose combination
and Ethambutol, and 4 months continuation phase of
Rifampicin and Isoniazid given as fixed dose combinations.
Table 1 – Childhood TB cases notified in Lagos State, 2011–2014.
Age group 2011 2012 2013 2014 Total 2011–2014
M F Total M F Total M F Total M F Total M F Total
n = 250
(%)
n = 245
(%)
n = 495
(%)
n = 259
(%)
n = 280
(%)
n = 539
(%)
n = 246
(%)
n = 436
(%)
n = 682
(%)
n = 347
(%)
n = 333
(%)
n = 680
(%)
n = 1102
(%)
n = 1294
(%)
n = 2396
(%)
0–4 73 (29.2) 84 (34.3) 157 (31.7) 107 (41.3) 96 (34.3) 203 (37.7) 134 (54.5) 200 (45.9) 334 (49.0) 151 (43.5) 116 (34.8) 267 (39.3) 465 (42.2) 496 (38.3) 961 (39.7)
5–14 177 (70.8) 161 (65.7) 338 (68.3) 152 (58.7) 184 (65.7) 336 (62.3) 112 (45.5) 236 (54.1) 358 (51.0) 196 (56.5) 217 (65.2) 413 (60.7) 637 (57.8) 798 (61.7) 1445 (60.3)
Total TB
cases
notified
8424 8455 9444 8982 35,305
% of
childhood
TB notified
495/8424 = 5.9% 539/8455 = 6.4% 682/9444 = 7.2% 680/8982 = 7.6% 2396/35,305 = 6.8%
Table 2 – Pattern of childhood TB notified in Lagos, 2011–2014.
Variable 2011 2012 2013 2014 Total
n = 495 (%) n = 539 (%) n = 682 (%) n = 680 (%) n = 2396 (%)
New pulmonary Smear positive < 15 84 (17.0) 108 (20.0) 136 (20.0) 111 (16.3) 439 (18.3)
New pulmonary smear negative < 15 344 (69.5) 377 (70.0) 465 (68.2) 507 (74.6) 1693 (70.7)
Extra-pulmonary TB < 15 33 (6.7) 54 (10.0) 72 (10.6) 62 (9.1) 221 (9.2)
Other categories 34 (6.8) 0 (0) 9 (1.2) 0 (0) 43 (1.8)
Total 495 (100.0) 539 (100.0) 682 (100.0) 680 (100.0) 2396 (100.0)
% of children with smear-positive TB to total
new smear-positive notified
84/4167 = 2% 108/4527 = 2.4% 136/4902 = 2.8% 111/4516 = 2.5% 439/18,112 = 2.4%
% of children with smear-negative TB to total
new smear-negative notified
344/2984 = 11.5% 377/2775 = 13.6% 465/3291 = 14.1% 507/3292 = 15.4% 1693/12,292 = 13.8%
% of children with extra-pulmonary TB to total
extra-pulmonary TB notified
33/174 = 19.0% 54/222 = 24.3% 72/259 = 27.8% 62/270 = 23.0% 221/925 = 23.9%
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Data was analyzed using open EPI statistical software [15].
The estimated population for the year 2011 to 2014 was based
on the 2006 census. Population figures for all age groups and
of the children aged 0–4 years and 5–14 years were obtained
from the National Bureau of Statistics. The rates of adult
and childhood TB (per 100,000) were determined from case
notifications and population estimates. Chi square test was
used to compare categorical variables, while the Chi test for
trend was used to compare variables within different age
groupings. P value less than 5% was considered significant
for all statistical tests.
Ethical issues
Data for this study were retrieved from secondary data rou-
tinely collected by the LSTBLCP and as such no ethical clear-
ance was obtained.
Results
Epidemiological characteristics
The total number of children treated for all forms of TB was
2396, which represented 6.8% of the total 35,305 TB cases noti-
fied during the study period. A total of 1102 (46%) males and
1294 (54%) females aged 0–14 years were diagnosed and trea-
ted for TB. There was a progressive increase in the number
and proportion of children treated for TB from 495 (5.9%) in
2011, 539 (6.4%) in 2012, 682 (7.2%) in 2013 and 680 (7.6%) in
2014 (Table 1). The proportion of children aged 0–4 years noti-
fiedwas 31.7% in 2011, 37.7% in 2012, 49% in 2013 and 39.3% in
2014, while the proportion of children aged 5–14 years diag-
nosed and treated for TB decreased from 68.3% in 2011,
62.3% in 2012, to 51% in 2013 and then increased to 60.3% in
2014 as shown in Table 1.
Pattern of TB
Of the total childhood TB cases notified, 17%, 20%, 20% and
16.3% were new pulmonary smear-positive TB cases in 2011,
2012, 2013 and 2014, respectively, while 68.2–74.6% were new
pulmonary smear-negative TB cases. Extra-pulmonary TB
cases accounted for 6.7–10.6% of all childhood TB cases noti-
fied. Of the total smear-positive and smear-negative TB cases
notified during the study period, smear-positive and smear-
negative childhood TB cases accounted for 2–2.8% andTable 3 – TB case notification rate in children 0–14 years in Lago
Estimated population Notified TB cas
Year 0–14 years <5 years 5–14 years 0–14 years <
2011 3,682,722 1,447,915 2,234,807 495 1
2012 3,770,962 1,472,516 2,298,446 539 2
2013 3,858,348 1,496,928 2,361,420 682 3
2014 3,943,135 1,521,229 2,421,906 680 211.5–15.4%, respectively. Extra-pulmonary childhood TB
cases accounted for 19–27.8% of all extra-pulmonary TB
patients notified during the study period as shown in
Table 2.
Age-specific TB case notification rate
The case notification rate among children in this study
showed a progressive increase from 13.4/100,000 in 2011 to
17.7/100,000 in 2013, and slightly decreased to 17.2/100,000
in 2014 as shown in Table 3. The case notification rate
increased among males under 5 years of age from
10/100,000 in 2011 to 19.8/100,000 in 2014. A similar pattern
was observed among females under 5 years of age. There
was a steady decline in CNR among males aged 5–14 years
from 16.4/100,000 in 2011 to 9.8/100,000 in 2013. However,
there was a sharp increase to about 30/100,000 in 2014.
Among females aged 5–14 years, the CNR increased from
13.9/100,000 in 2011 to 26.6/100,000 in 2014 as shown in
Table 4.
Discussion
This study showed that childhood TB constituted about 6.8%
(5.9–7.6%) of the total TB cases notified within the study per-
iod. This is well below the 11.9–39% reported in similar stud-
ies in sub-Saharan Africa [16–18]. The findings of the national
TB prevalence survey conducted in 2012 showed a much
higher TB prevalence than the previous WHO estimates for
Nigeria [19] (which now place Nigeria third among the 22 high
TB burden countries in the world). This suggests a high level
of TB transmission in the country; therefore, the prevalence
of childhood TB obtained in this study may be well below
the true burden of childhood TB in Lagos. Although the TB
case notification of children aged 0–14 years of age increased
from 13.4/100,000 in 2011 to about 17.2/100,000 in 2014, this
was lower than the 51/100,000 reported in Malawi and over
300/100,000 reported in a poor urban population in the
Western Cape region of South Africa [17]. The diagnostic
dilemma of childhood TB, weak surveillance system for
reporting childhood TB to the NTBLCP and the failure to carry
out effective contact tracing of children who are household
contacts of smear-positive PTB cases may be responsible for
this finding [11,16]. Studies have found high rates of child-
hood TB among household contacts in Malawi and South
Africa [20,21], and the inability to carry out contact tracing
may lead to missed opportunities of childhood TB cases in
the community.s.
es CNR/100,000 children
5 years 5–14 years 0–14 years <5 years 5–14 years
57 338 13.4 10.8 15.1
03 336 14.3 13.8 14.6
34 358 17.7 22.3 15.2
67 413 17.2 17.6 17.1
T
a
b
le
4
–
T
B
ca
se
n
o
ti
fi
ca
ti
o
n
ra
te
b
y
se
x
in
ch
il
d
re
n
0
–1
4
y
e
a
rs
in
L
a
g
o
s,
N
ig
e
ri
a
.
E
st
im
a
te
d
p
o
p
u
la
ti
o
n
N
o
ti
fi
ed
T
B
ca
se
s
C
N
R
/1
0
0
,0
00
ch
il
d
re
n
Y
e
a
r
<
5
y
e
a
rs
5
–1
4
y
e
a
rs
0
–1
4
y
e
a
rs
<
5
y
e
a
rs
5
–1
4
y
e
a
rs
0
–1
4
y
e
a
rs
<
5
y
e
a
rs
5
–1
4
y
e
a
rs
0
–1
4
y
e
a
rs
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
2
0
1
1
7
2
6
,5
1
0
7
2
1
,4
0
5
1
,0
7
8
,6
6
4
1
,1
5
6
,1
4
3
1
,8
0
5
,1
7
4
1
,8
7
7
,5
4
8
7
3
8
4
1
7
7
1
6
1
2
5
0
2
4
5
1
0.
0
1
1
.6
1
6.
4
1
3
.9
1
3
.8
1
3
.0
2
0
1
2
7
3
8
,8
8
8
7
3
3
,6
2
8
1
,1
0
9
,2
1
0
1
,1
8
9
,2
3
6
1
,8
4
8
,0
9
8
1
,9
2
2
,8
6
4
1
0
7
9
6
1
5
2
1
8
4
2
5
9
2
8
0
1
4.
5
1
3
.1
1
3.
7
1
5
.5
1
4
.0
1
4
.6
2
0
1
3
7
5
1
,1
7
1
7
4
5
,7
5
7
1
,1
3
9
,3
8
9
1
,2
2
2
,0
3
1
1
,8
9
0
,5
6
0
1
,9
6
7
,7
8
8
1
3
4
2
0
0
1
1
2
2
3
6
2
4
6
4
3
6
1
7.
8
2
6
.8
9
.8
1
9
.3
1
3
.0
2
2
.2
2
0
1
4
7
6
3
,3
9
7
7
5
7
,8
3
2
1
,1
6
8
,3
7
7
1
,2
5
3
,5
2
9
1
,9
3
1
,7
7
4
2
,0
1
1
,3
6
1
1
5
1
1
1
6
3
4
7
3
3
3
4
9
8
4
4
9
1
9.
8
1
5
.3
2
9.
7
2
6
.6
2
5
.8
2
2
.3
I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 4 ( 2 0 1 5 ) 2 3 9 –2 4 4 243The majority of the TB cases in children were sputum
smear negative. This is not surprising because of the difficulty
of diagnosing TB in children who cannot produce sputum and
the low yield of gastric aspirationmicroscopy [22]. In addition,
the overlap in the clinical manifestation of PTB and HIV con-
tributed to the difficulty in diagnosing TB in children. This
could even result in over-diagnosis of PTB in children [23] by
misdiagnosing smear-negative PTB cases [16].
About 10% of the total TB cases notified had extra-
pulmonary TB. This is lower than 29% observed in Malawi
[17] and (17.5%) in Alabama [24], but higher than what was
reported (2%) in South Africa. The higher rate in Malawi was
probably due to the higher HIV prevalence among TB patients
(77%) compared with (25%) Nigeria [25]. Children with TB and
HIV co-infection are often smear-negative and usually present
with extra-pulmonary TB [22]. Extra-pulmonary TB has been
suggested to be a more useful indicator compared with PTB
in children because the diagnosis is easier [26]. However, the
use of extra-pulmonary TB as an indicator of PTB in children
in sub-Saharan Africa is limited due to poor facilities to diag-
nose extra-pulmonary TB. Thus, the true burden of extra-
pulmonary TB in children may be underestimated. In this
study, about 25% of the total extra-pulmonary TB cases noti-
fied during the study period occurred in children.
The proportion of children aged 5–14 years old in this
study varied between 51% and 68.4%. This is higher than
the 41% reported in Malawi [16] and elsewhere [17,24]. The
findings in this study may suggest a low case notification in
children below 5 years of age which may be because of diag-
nostic challenges related to childhood TB. Children less than
5 years old have been shown to be more susceptible to TB and
have a higher mortality due to TB compared with older chil-
dren [27–29]. This is compounded by the higher HIV preva-
lence among children in this age group associated with
missed diagnosis and poor access to anti-retroviral medica-
tions [16]. The high mortality among children in this age
group may explain the lower case notification rate reported
in this age group in the present study. The CNR/100,000 of
males aged 5–14 years old decreased steadily from 2011 to
2013, while the pattern was the direct opposite among
females of the same age group. The reason for this finding
cannot be explained; future studies will be required to unravel
this finding.Authors contribution
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